increase gradually even 20 min after whole-cell perfusion and was corrected by the entire fluorescence of a dendritic region. Volume of spine heads was estimated as described previously (S1, S2) . Spine length was determined as the distance between the outlines of the parent dendritic shaft and the spine head. The peak fluorescence intensity of spine necks was measured from the fluorescence profiles of the neck at the narrowest position after correction by the background intensity near the spine before uncaging.
Precise uncaging was ensured by imaging the region of interest with the uncaging galvanometer immediately before irradiation. MNI-glutamate (4-methoxy-7-nitroindolinyl-glutamate) (12 mM) was then applied locally from a glass pipette positioned close to the selected dendrite. Repetitive (1 Hz, 80 times) photolysis of MNI-glutamate was performed at 720 nm with a pulse-train duration of 0.6 ms. The amount of photoreleased glutamate was adjusted by changing the laser power (~6 mW) so as to evoke currents through α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA)-sensitive glutamate receptors with an amplitude (~5 to 20 pA) similar to that of miniature excitatory postsynaptic currents (S3) .
Individual spines were stimulated by two-photon uncaging of MNI-glutamate (S3) at a wavelength of 720 nm. For pairing of synaptic stimulation with postsynaptic spikes (uncaging plus spikes), uncaging of MNI-glutamate was induced at a frequency of 1 Hz for 80 s and each train of laser pulses was followed after 10 to 15 ms by application of a single postsynaptic spike. The cells were voltage-clamped at -70 mV except during uncaging plus spikes, and superfused with a solution containing 1 mM Mg 2+ except during uncaging without spikes. For intensive synaptic stimulation in the absence of postsynaptic spikes (uncaging without spikes), we induced uncaging of MNI-glutamate at 1 Hz for 40 s in a Mg 2+ -free solution, unless otherwise stated. Electrophysiology For whole-cell recordings, the patch-clamp electrode (open-tip resistance, 4 to 7 MΩ) was filled with a solution containing 120 mM potassium gluconate, 20 mM KCl, 10 mM disodium phosphocreatine, 50 µM Alexa594 (Invitrogen), 4 mM ATP (magnesium salt), 0.3 mM GTP (sodium salt), 10 mM Hepes-KOH (pH 7.3), and 5 µM β-actin (human platelet; Cytoskeleton, Denver, CO)(Supporting text). Series resistance was 16.6 ± 5.6 MΩ (mean ± s.d.) and the resting membrane potential was -58.5 ± 2.9 mV (mean ± s.d.). Cells with a resting potential of >-55 mV at uncaging were excluded from data analysis. A small hyperpolarizing holding current (10 to 50 pA) was applied when cells showed spike activities. Action potentials were elicited by injection of a depolarizing current of 1 to 2 nA for 2 ms. AMPA receptor-mediated currents were obtained by voltage-clamping cells at -70 mV when two-photon uncaging was effected at the tip of spines with a laser power of 6 mW ( fig. S2 ). The currents were evoked three to five times at each time point, low-pass filtered at 2 kHz, sampled at 10 kHz, and averaged. Data analysis Two-photon images and electrophysiological data were analyzed with IPLab and Igor Pro 4 software, respectively. Statistical analysis was performed with Prism. Data are presented by means ± s.e.m. (n = number of spines) and were analyzed by the Mann-Whitney U test unless stated otherwise. A P value of <0.05 was considered statistically significant.
Supporting Text
We found that the washout of plasticity (S4) was prevented by up to 20 min in the presence of β-actin (5 μM) in the pipette ( fig. S1 ). Enlargement was also induced in the presence of 5 μM of α-actin prepared (by Dr. Y. Ishikawa) from skeletal muscles (n = 4). Thus, the washout of STDP reported in previous studies (S4) may arise from the time-dependent loss of β-actin during intracellular dialysis. The maintenance of STDP by addition of intracellular β-actin supports the idea that actin has a role in synaptic plasticity (S5-S8) . The effect of β-actin on enlargement was not significant at 1 μM (n = 3)( fig. S1 ), consistent with the fact that a high concentration of actin is necessary for the spine enlargement (S9). We could not examine concentrations of β-actin greater than 5 μM, because such solutions impaired formation of giga-seals with the neuron membrane and prevented whole-cell patch clamp recording. β-actin, however, did not prevent washout of enlargement at times longer than 40 min after whole-cell perfusion (n = 3). The remaining washout phenomena may be explained by the presence of many actin regulator proteins in spines (S8) . We therefore applied induction protocols about 20 min after whole-cell perfusion, when stable imaging of individual spines became possible.
Heat-inactivated BDNF (HI-BDNF) was not effective in the enhancement of the spine enlargement induced with uncaging without spikes ( fig. S6A ). In addition, the spine enlargement was blocked by AP5 even in the presence of BDNF ( fig. S6A ).
Larges spines did not show significant enlargement and LTP by uncaging plus spikes even in the presence of BDNF (fig. S6B), as in its absence (fig. S3, C and D).
Our results indicate that synaptic stimulation paired with postsynaptic spikes can trigger protein synthesis-independent immediate enlargement of dendritic spines, in addition to protein-synthesis dependent gradual enlargement. Each spine thus senses the temporal synchrony of spike activities between pre-and postsynaptic neurons, and immediately responds to it with enlargement. Given that a single pyramidal neuron possesses thousands of spines, each innervated by a different presynaptic neuron, the motility of numerous spines in a neuron physically encodes correlated activities of thousands of neurons in the brain. Correlated neuronal activity has been implicated in both memory acquisition and cognitive processes (S10, S11). Further elucidation of the dynamics of spine structure should therefore help to clarify the cellular basis of higher-order brain functions and mental disorders. Fig. S1 . Washout of spine enlargement induced with uncaging plus spikes in the cells whole-cell dialyzed with a solution containing 0 μM (n = 5) or 1 μM (n = 3) of β-actin (filled circles) for 20 min, and its prevention with a solution containing 5 μM (n = 37, open circles). 
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